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ABSTRACT 

Night Vision Devices (NVDs) employed by the military fall into two categories: 

Image Intensifies (I 2 ) also known as Night Vision Goggles (NVGs) and Infrared (IR). Each sensor 
provides unique visual information not available to the unaided human visual system. However, 
these devices have limitations and they have been listed as a causal factor in many crashes of 
military aircraft at night. Researches hypothesize that digitally fusing the output from these sensors 
into one image and then artificially coloring the image will improve an NVD user’s visual 
performance. The purpose of this thesis was to determine if fusion and coloring of static, natural 
scene NVG and IR imagery will improve reaction time and accuracy in target detection. 

Pais of static images from three different scenes were obtained simultaneously from NVG 
and IR sensors. The six original images were fused pixel by pixel and then colored using a 
computer algorithm. A natural target was moved to two other coherent positions in the scene or 
completely removed, resulting in twenty-four images for each of the three natural scenes. Six 
subjects viewed the images randomly on a high-resolution monitor, rapidly indicating on a keypad 
if the target was present (1) or absent (2). Reaction time and accuracy were recorded. An ANOVA 
on the output and a subsequent review of the images revealed that fusion significantly impacted 
local (target) contrast and that, coupled with scene content, decreased performance on the task. 
Fusion and coloring results were not superior here, which differed from results on other types of 
tasks, however, more research is needed to completely assess this technology. 
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L INTRODUCTION 



“Darkness is a double edged sword, and like the terrain, it favors the one who 

best uses it and it hinders the one who does not.” a field marshal of the former 

Soviet Union 

A. BACKGROUND 

The element of surprise has historically been one of the greatest advantages a 
military leader can gain over an enemy. Leaders of military ground-forces have sought the 
favorable edge of darkness to surprise their enemies by advancing, repositioning or 
removing troops in a battle area. After the dawn of military aviation and starting with World 
War II, U.S. military doctrine included night delivery of weapons and troops as methods to 
surprise the enemy. Other military leaders, like those of the Viet Cong and the North 
Vietnamese Army were masters at conducting night operations for insurgencies and frontal 
attacks on the isolated fire bases and base camps of U.S. forces in South Vietnam. 

U.S. military leaders in Vietnam first tried to deny the use of darkness to the enemy 
with searchlights, a move that did more to pinpoint the exact location of U.S. forces. The 
next attempt at denial was with near infrared searchlights coupled with near-infrared 
viewers, the viewers being so simple and accessible that the enemy soon had them to 
pinpoint the location of U.S. sources. (MAWTS-1, 1995) Another technology was needed, 
one which could passively (without emitting energy) provide ground forces with a picture 
of the enemy operating near them. 

Despite the existence of passive airborne sensors of the longer wavelength, far 



1 



infrared (IR) spectrum, this technology had not evolved sufficiently to provide a man- 
portable IR sensor to U.S. forces in Viet Nam. (Lloyd, 1975) The ultimate break-through 
came in the form of a passive image intensifier (I 2 ) tube, a more complex system than the 
ones already tried, but one which was man-portable and which provided the user an image 
from intensified ambient and reflected light. 

Since the advent of I 2 devices, the U.S. military has adapted them for use by all 
forces. Also, IR technology has improved dramatically since 1965 such that there are 
currently numerous forward looking infrared (FLIR) systems in the military inventory. The 
first employment of a FLIR for navigation (NAVFLIR) was on the army’s AH-64 Apache 
helicopter in the late 1970's. Today, I 2 and FLIR devices are collectively referred to by the 
military as night vision devices (NVDs). Some common employments of NVDs today are 
night vision goggles (NVGs) by infantry, aviation and naval forces, night vision (‘starlight’) 
rifle scopes by infantry units, forward looking infrared (FLIR) by aviation units and thermal 
(IR) targeting sights by armor and aviation units. For the purpose of this thesis, only aviation 
variants of these NVD will be referenced. 

Because a human’s perception of their surroundings at night is normally devoid of 
NVD imagery, NVDs have been (somewhat naively) championed as tools that virtually “turn 
night into day.” This couldn’t be farther from the truth. Despite the vast improvements in 
NVD technology and training, there have been users whose lack of understanding of the 
highly dynamic night environment and its impact on their particular NVD’s performance has 
caused them to exceed the capabilities of these devices. Their actions have often resulted 
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in dire consequences. For example, NVG’s have been indirectly related to several ‘class 
A’ mishaps 1 . From 1973-1993 naval aviation (USN/USMC) has incurred 13 rotary-wing and 

5 fixed-wing class A mishaps while employing NVG’s, resulting in 15 rotary-wing aircraft, 

6 fixed-wing aircraft, and 39 lives lost. Because IR systems are primarily relied upon to 
assist in navigation and targeting for aircraft operating at higher altitudes (greater than 500 
feet), few mishaps have FLIR listed as a causal factor. 

Despite any drawbacks aircrewmen may encounter with NVDs, these systems are 
considered essential tools for conducting successful night operations. Reliance on NVDs 
for night operations is evident by both tactical fixed and rotary-wing squadron training and 
readiness focus shifting almost entirely toward ‘aided’ (NVD) operations, leaving only a few 
familiarization flights for ‘unaided’ flight. Steady improvements in NVD technology have 
motivated aviation forces to seek innovative ways to increase the scope of their use, which 
in turn has enabled capabilities validated in training to ‘bubble-up’ and drive night 
operations doctrine. By employing NVDs in ways its former enemies never dreamed of, 
U.S. military doctrine has evolved from strictly defensive operations at night toward a true 
‘24-hour’ battlefield. As Iraqi forces recently learned, U.S. forces are capable of ‘shooting 
and moving’ anywhere, at any time with the aid of NVDs on virtually all its platforms. 
Understandably then, advances in NVD technology are crucial to widening the scope of 
night missions which in turn will keep U.S. forces ‘owning the night.’ 

1 A class A mishap is categorized by a loss of life or in excess of one million 
dollars property or casualty damage or both. 
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NVDs have generally been developed as single-band sensors, therefore constraining 
the user to the advantages and disadvantages of that band. However, researchers in the field 
of electro-optics have long known that gathering and melding information from two distinct 
EM bands (sensor fusion ) would provide complimentary information to a user. (SPIE, 1987) 
They also knew that the process of sensor fusion would be computationally complex and 
therefore limited by the computer hardware required. In the late 1970's, British scientists 
and engineers seeking improvements over single-band NVDs suggested increasing 
advantages to pilots by fusing information from the I 2 and FLER bands, combining it with 
a moving map and displayihg it all on one wide field of view Heads-Up Display (HUD). 
This program, called “Nightbird,” produced a flying fixed-wing platform which successfully 
demonstrated sensor fusion in aviation. (OPTEVFOR, 1993) 

After “Nightbird,” research with a comparable fusion system continued with a 
USN/USMC program called “Cheapnight.” The results of this study proved the feasibility 
of using passive sensors to give fixed-wing platforms night attack capability but it did not 
specifically capitalize on the merits of sensor fusion. Follow-on studies like “Quicknight,” 
“Fleetnight” and “Realnight” resulted in equipping formerly FLIR-only platforms with 
improved navigation FLIRs (NAVFLER) and NVGs (e.g., A-6E Night Vision Imaging 
System). (OPTEVFOR, 1993) Correspondingly, formerly NVG-only platforms (mostly 
rotary-wing) are also being equipped with NAVFLIR (e.g., CH-53E Helicopter Night Vision 
System). 

Recently, research in sensor fusion NVD displays has been rekindled. The general 
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aim of this research is to provide the best possible visual information to NVD users on a 
single display, thereby increasing capabilities while decreasing the workload of interpreting 
information from two or more displays. For example, the U.S. Army and Texas Instruments 
have in their inventory a rotary-wing platform equipped to provide the pilots with fused 
output from an image intensified charged-coupled device (I^CD) and FLIR. Additionally, 
a proposed Advanced Technology Demonstration (ATD), Color Night Vision System 
focuses on the additional benefits of artificially coloring the fused monochrome display 
(currently shades of phosphorous green) to possibly increase contrast cues in the output. The 
researchers hypothesized that this fused or fused color imagery will increase a user’s 
situational awareness and therefore margin of safety and mission success. (Krebs, 1994; 
Scribner, et al., 1996) 

Sensor fusion displays and their effectiveness in enhancing the night capabilities of 
military aircraft over current systems require detailed exploration in the areas of human 
factors and the mechanics of digital image fusion and enhancement. 

This thesis is focused on the human factors of sensor fusion; more specifically, 
human perception of the fused and colored displays versus the IR and I 2 displays currently 
employed . The goal of this thesis is to quantitatively assess the impact of fused imagery and 
fused color imagery on human visual performance. Although one may gain an intuitive feel 
for image improvement simply by viewing NVD images before and after fusion or coloring, 
such intuitions are not quantifiable or adequately precise. Two precise measures of visual 
ability which are critical to aviation and the military in general are reaction time and 
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accuracy in target detection. This thesis developed a visual search experiment designed to 
employ static images from the four sensors involved (I 2 , FLIR, fused monochrome and fused 
color) in measuring the impact on these variables. 

Before offering an in-depth discussion of the experimental design or a quantatative 
assessment of the experimental output, there must be a structured presentation of the factors 
involved in constructing an NVD image as well as some of the physiological and 
psychological factors of human vision. Combining ideas from the “Sequence of events in 
the thermal imaging process” from Lloyd (1975) and the “Conditions for target acquisition” 
from the U.S. Army’s NVEOL sensor model (MORS, 1995), a logical structure has been 
derived. The presentation follows the electromagnetic (EM) energy as it emanates from its 
source, through the atmosphere, through the sensor and ultimately how the output is 
perceived by the human observer. 

B. NVD FACTORS 

1. NVD Electromagnetic Spectrum 

“The EM spectrum extends from barely measurable cosmic rays to electrical 
oscillations kilometers long. Electromagnetic radiation such as light, heat, x-rays, 
microwaves and radio waves are the parts of the spectrum humans depend on in their daily 
lives.” (Lloyd, 1975) For the most part, the natural light from sunrise to sunset delineates 
a human’s periods of activity and inactivity because the visual system cannot fully function 
outside the narrow band of visible EM radiation. NVDs, by processing EM bands not used 
by the human eye, enable exploitation of the night environment by the NVD user. These 
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devices do not turn night into day as will be shown later, but they do enable humans to better 
perform tasks as simple as night movement on foot or as complex as night attack in a high 
performance aircraft. 

Current NVD images are processed from two distinct bands of EM radiation. NVGs 
process the visible and near IR spectrum ( roughly 600 to 900 nanometers (nm)) and, much 
like the human eye, depend almost entirely on reflected energy for scene illumination. 
FLIRs generally process emissions from two infrared bands, midwave (3-5/^m) and long 
wave (8-12/um). It is important to note that most man-made objects emit in the 8-12 turn 
band, hence the military interest in LWIR sensors. Figure 1 graphically illustrates the 
relationship of the EM bands used by NVGs, FLIRs (long wave IR shown) and the unaided 
human eye. The spectral bands are not where the differences end however, as the EM 
energy used by each NVD comes from differing sources and it is impacted by several 
variables en route to the receiving end of the particular sensor. 
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Figure 1 . The Portions of the Electromagnetic Spectrum Used in 
Unaided Human Vision, by NVGs and by FLERs. (MAWTS-1, 
1995) 



a. Optical Radiation 

“Optical radiation (light), which is processed by NVGs, manifests itself in 
two ways; as particles of energy called photons or as waves. The particle theory of light 
provides a description of the emission of light from a source, such as the moon. The amount 
of light generated from a source (illuminance) is expressed in lumens per square meter or 
lux. The intensity of this energy, which is useful in dealing with the amount of reflected light 
available for NVGs, can be measured as the amount of light which strikes a surface. 
Reflected light (luminance) is expressed in terms of foot-lamberts (ftL). The wave theory 
of light is useful in describing the various phenomena having to do with the propagation of 
light through the air, or through an optical system such as the human eye. Regarded as a 
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form of wave motion, light has the characteristics of wavelength, frequency, and velocity.” 
(MAWTS-1, 1995) 

b. Infrared Radiation 

“Infrared energy (thermal energy) is emitted by all objects with a temperature 
above absolute zero (-273 degrees Celsius). An increase in temperature will increase an 
objects molecular vibrational motion, thereby increasing its energy state. When the elevated 
energy state collapses, thermal energy in the form of radiation is emitted. In general, 
thermal radiation which strikes an object can be absorbed, transmitted or reflected. Natural 
thermal energy is produced when objects absorb thermal energy from IR sources such as the 
sun or warm air currents. Once absorbed this energy can then be radiated. Another source 
of thermal energy is from man-made objects such as the heat radiated from a running engine 
or the heat radiated as a result of the friction from moving parts.” (MAWTS-1, 1995) IR 
radiation is independent of optical radiation but is more complex and requires additional 
discussion on one of the most important factors impacting an object’s temperature, its 
‘emissivity’ (E). 

In order to comprehend emissivity, one must have a standard from which to 
start. In thermodynamics that standard is called a ‘blackbody.’ “Blackbodies are defined 
as the perfect absorber of thermal energy and are therefore also perfect emitters, with an 
efficiency of unity.” (MAWTS-1, 1995) Emissivity then is the ratio of an object’s ability 
to emit thermal energy at a certain temperature over that of a blackbody at the same 
temperature. Other factors impacting emissivity are: Material composition, surface finish. 
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ambient temperature and the object’s temperature and geometry. Most natural objects have 
a high emissivity and therefore a majority of their thermal signature is from self-emission. 
Emissivities of some common materials are listed in Table 1. Conversely, objects with low 
emissivity have a corresponding high reflectivity and therefore reflect thermal energy of 
their surroundings. 



MATERIAL 


EMISSITIVITY 


HIGHLY POLISHED SILVER 


0.02 


HIGHLY POLISHED ALUMINUM 


0.08 


POLISHED COPPER 


0.15 


ALUMLNUM PAINT 


0.55 


POLISHED BRASS 


0.60 


OXIDIZED STEEL 


0.70 


BRONZE PAINT 


ago 


GYPSUM 


0.90 


ROUGH RED BRICK 


0.93 


WHITE LACQUER 


055 


GREEN OR GREY PAINT 


0.95 


LAMPBLACK 


055 


WATER 


0.96 



Table 1. Emissivities of Some Common Materials. 

(MAWTS-1, 1994) 

The discussion presented up to this point has focused on delineating the 
spectra used by NVGs and FLIRs and the theories of optical and infrared radiation. The 
following section will focus on energy sources and the energy as it moves toward the NVD. 

2. NVD Scene Variables 

Mission planning considerations for the use of NVDs far exceed those for daylight 
missions. The first and foremost planning consideration is the quantity and quality of a 
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specific EM bandwidth that can be expected as this is the basis for the NVD scene that will 
be displayed. Planners must consider the energy’s source, any media the energy may pass 
through, any attenuation that may occur and any objects the energy may impact as it travels 
to the sensor. Accordingly, these planning considerations can be grouped into three main 
categories: (1) sources, (2) terrain effects and (3) atmospheric effects. The following 
subsections will discuss these considerations for optical and infrared radiation as they apply. 
a. Sources 

(1) Optical radiation. Illumination, measured in lumens per square 
meter (lm/m 2 ) or lux, is one of the sources of energy that NVG’s intensify; however, it has 
no impact on FLIR imagery. The moon provides a reflection of seven percent of the 
sunlight that strikes it, making it the largest and brightest natural object in the night sky 
when it is visible. Lunar illumination then is the primary energy source for natural 
illumination in the night sky (Figure 2). (MAWTS-1, 1995) Another significant contributor 
to nighttime illumination is the moonless night sky with various stellar phenomena. 
Additionally, starlight contributes up to .00022 lux (1/1 0th the level of a quarter moon) 
while auroras, zodiac lights and other phenomena of the atmosphere provide even smaller 
contributions. Figure 3 illustrates how moonless night sky illumination almost matches the 
peak sensitivity of NVGs. 
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Figure 2. Illumination Levels of the Moon and Sun. Lux 
Levels Contributed by Each Source Are Listed. 
(MAWTS-1, 1995) 




Figure 3. Night sky illumination overlaid with NVG and unaided 
vision peak sensitivities. (MAWTS-1, 1995) 
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Two other contributors of illumination that may be more of a hindrance than a help are the 
sun and artificial (cultural) sources. The setting sun at zero to six degrees below the horizon 
is too bright forNVG operations, however, approximately one half hour after sunset, when 
the sun has lowered to seven degrees below the horizon, it may provide useable illumination. 
This useable illumination period continues until the sun has set past twelve degrees. 
Artificial lighting such as street lights or radio tower warning lights can also provide 
significant illumination, however, cultural areas with large concentrations of artificial 
illuminators can wash out the NVG image. Illumination impact on NVG output will be 
discussed further in the section on Contrast Sensitivity. 

(2) Thermal radiation. Thermal energy sensed by FLIRs is measured 
in microns (/^ra) and is invisible to NVGs. The three principle sources of thermal energy 
mentioned earlier are solar radiation, fuel combustion and frictional heat, and thermal 
reflection. Solar radiation is one of the most prominent contributors to the thermal signature 
of objects exposed to it. Given that an object is exposed to the sun on a clear day, then the 
location on the earth, the time of day and the time of year will determine the intensity of 
solar radiation. Fuel combustion and frictional heat sources generally emit a higher thermal 
signature than their surroundings. These blooms of thermal energy or ‘hot-spots’ exceed the 
boundaries of the source and, in that respect, their signature overtakes nearby emissions of 
lesser value. (MAWTS-1, 1995) The impact of hot-spots on the output of IR sensors will 
be discussed further in the next subsection. 

The last source of thermal energy is that which is reflected. Objects 
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with low thermal emissivity possess a corresponding high thermal reflectivity. In the night 
environment, a horizontally oriented object of low emissivity (e.g., a body of water) will 
reflect the thermal energy of the night atmosphere above it and appear cooler than its 
surroundings. Conversely, a vertically oriented object of low emissivity (e.g., a canyon wall) 
will reflect the temperature of its surroundings and therefore blend into the thermal scene. 
(MAWTS-1, 1995) 

The discussion thus far has focused on the primary sources of optical 
and thermal radiation Regardless of the source or the sensor, the main concern of an NVD 
user is how the device will improve functions like navigation, terrain avoidance and target 
detection. Accordingly, the next section will delineate the effects on EM energy as it is 
reflected or radiated by the collection of objects on the earth’s surface which, for simplicity, 
will be called ‘terrain.’ 

b. Terrain Effects 

Optical radiation leaves a source as photons and propagates until it impacts 
objects in its path. The ratio of the light that is reflected by an object over the amount of 
light that is incident to it is called its albedo or reflectivity. Reflected light or luminance is 
measured in foot-Lamberts (ftL). Table 2 lists the albedos of some common terrain. 
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SOILS 

Dark 

Light 

Dark - plowed 
Light - plowed 
Gay 
Sandy 
Sand 

White sand 


DRV 

0.13 

0.18 

0.08 

0.16 

0.23 

0.2 S 

0.40 

0.55 


WET 

0.08 

0.10 

0.06 

0.08 

0.16 

0.18 

0.20 


WET/DRV 


SURFACES 


DRV 


WET 


WET/DRY 


Asphalt 






0.10 


Lava 






0.10 


Tundra 






030 


Concrete 






0.30 


Stone 






0.30 


Desert 






0.30 


Rock 


035 


0.20 




Din Road 


035 


0.18 




Gay Road 


030 


0.20 




FIELDS 


GROWING 


DORMANT 


EITHER 


Tall Grass 


0.18 


0.13 


0.16 


Mowed Grass 


0.26 


0.19 


032 


Desiduotts Trees 


0.18 


0.12 


0.15 


Coniferous Trees 


0.14 


a i2 


0.13 


Rice 


0 J 2 






Best Wheat 


0.18 






Potato 


0.19 






Rvc 


0.20 






Cotton 


031 






Lcuuec 


0.22 






SNOW 








Fresh 


0.85 






Dense 


0.75 






Moist 


0.65 






Old 


035 






Melting 


0.35 






ICE 








White 


0.75 






Gray 


0.60 






Snow & lee 


0.65 






Dark Glass 


0.10 







Table 2. Albedos of Some Common Terrain (ftL). (OPTEVFOR, 
1993) 
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Reflectivity plays an important part in what is visible in the optical radiation 
spectrum and what is not. Two different terrain surfaces may have two different 
reflectivities and therefore exhibit terrain contrast. Another factor in terrain contrast is the 
texture of the terrain. Because of texture, terrain that has considerably low reflectivity can 
provide recognition and depth perception cues over that available from terrain with higher 
reflectivity (e.g., forest over desert). Understandably, the less illumination available, the less 
terrain contrast and visual scene that can be expected. Terrain blocking illumination from 
other terrain is where there would be no reflection and therefore no terrain contrast. As in 
the day environment, this is called shadowing but it is more significant at night because 
shadowed objects can be effectively hidden from view. A dangerous example of shadowing 
in the NVG environment is the aircraft flying toward what appears to be a tall mountain 
being highlighted by the low-angle moon. Lurking in the shadows, however, is the shorter 
but closer mountain that presents an impact hazard. 

Thermal energy is either emitted or reflected by an object but it is primarily 
the temperature difference of objects that make up the thermal scene. If there is no 
temperature difference between objects on the terrain, then the terrain appears homogeneous 
in the thermal scene. This is not usually the case as the sun provides solar radiation to the 
terrain in the daylight hours and none at night. The cyclic heating and cooling of the terrain 
causes the diurnal cycle of temperature differences between objects of different thermal 
mass and inertia. 

Figure 4 shows the diurnal cycle of temperature differences for an armored 



16 



vehicle and other objects considered as background terrain. From the graph one can 
visualize the negative thermal contrast (object cooler than background) of the armored 
vehicle on a clear sunny day and the positive thermal contrast (object warmer than 
background) of the armored vehicle at night. Crossover times, when the temperature of the 




Figure 4. A sample diurnal cycle for a man-made object and the 
background terrain. Crossovertimes shown. (MAWTS-1, 1994) 



object equals that of the background are depicted. Even on overcast days, some solar 
radiation is absorbed by the terrain which in turn continues the diurnal cycle. 

Another small contributor to the thermal scene is thermal shadows. Thermal 
shadows are present as the terrain cools at sunset but they dissipate quickly. Thermal energy 
from combustion and friction is usually hotter and more persistent in the man-made object 
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than solar radiation. When the object moves, the thermal footprint of where it has been is 
left behind and is detectable sometimes for hours. This footprint may cause a thermal decoy 
for someone trying to detect an object using a FLIR. 

Radiated or reflected energy, after it leaves its source, must travel through a 
medium en route to a sensor or an intermediate object; the medium is the earth’s atmosphere 
and the next section will be a discussion of its impact. 

c. Atmospheric Effects 

The most significant impact on the optical and thermal energy available for 
NVDs is made by the atmosphere. In the atmosphere, attenuation of energy after it leaves 
the source can occur by refraction, absorption or scattering. Because attenuation by 
refraction is negligible, only attenuation by absorption and scattering will be discussed. 

(1) Absorption. Attenuation by absorption is more significant than 
that by scattering. Absorption of EM energy for NVDs centers around three atmospheric 
molecules; water, carbon dioxide and ozone. Of the three molecules, atmospheric water 
vapor or humidity is the most significant absorber. In very hot and humid climates, the high 
amount of absorption may literally render the FLIR useless. (MAWTS-1, 1995) Carbon 
dioxide is second to water in absorbing capability but it is usually in a uniform concentration 
in the atmosphere. This uniform concentrafion makes predicting its impact much easier than 
the erratic effects the lowest absorber, ozone. Ozone only absorbs thermal energy and its 
natural influx from the upper atmosphere is extremely difficult to predict. Man-made 
sources such as industrial pollution or combustion products are sources of ozone that may 
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be predicted when flying near industrial or dense urban areas. (MAWTS-1, 1995) 

(2) Scattering. Light and heat traveling through the atmosphere can 
impact objects or molecules and be scattered in different directions. There are two types of 
scattering; molecular and aerosol. Molecular scattering occurs when light strikes particles 
that are smaller in wavelength than the light itself. Nitrogen, oxygen, water vapor and 
carbon dioxide all meet this requirement. (MAWTS-1, 1995) Aerosol scattering takes 
effect with particles larger than one micron, such as dust, smog, snow and other natural or 
man-made obscurants. Because of its longer wavelength, thermal radiation is not 
significantly impacted by aerosol scattering. (MAWTS-1, 1995) 

After considering optical and thermal energy sources, the energy that 
is emitted and what impacts the energy as it propagates through the atmosphere, the night 
vision devices that sense this energy may be discussed. 

3. The Sensors 
a. NVGs 

“NVGs are electro-optical devices used to detect and intensify optical images 
in the visible and near infrared region of the EM spectrum for the purpose of providing 
visible images.” (MAWTS-1, 1995) Current NVG technology centers around the third 
generation (Gen HI) image intensifier (I 2 ) tube. Although the electronics of image 
intensifiers is beyond the scope of this thesis, a basic explanation of the functions of the five 
major components of an I 2 device and how they turn optical energy into useable output is 
necessary. Figure 5 shows three of the five major I 2 components; the photo cathode, the 
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microchannel plate and the phosphor screen. Not depicted in Figure 5 are the objective lens 
on the front of the tube and the eyepiece lens on the back. 



PHOTO 

CATHODE 



\ 



MICRO - CHANNEL PLATE 
'•ELECTRON MULTIPLIER" 



PHOSPHOR 

SCREEN 




LIGHT 




SECONDARY 

'ELECTRONS 



INDIVIDUAL 
MULTIPLIER 
TUBE 



INPUT 
ELECTRON-'' 




-VOLTAGE 



Figure 5. A Basic Image Intensifier (Objective Lens and 
Eyepiece Not Shown). (MAWTS-1, 1994) 



Radiant or reflected optical energy first strikes the objective lens of the I 2 
tube where it is focused onto the photo cathode. The photo cathode, which is made up of 
gallium arsenide crystals, detects optical energy in the near IR to visible spectrum (600-900 
nm) and converts this energy into electrons. Electrons accelerating forward from the photo 
cathode strike the ‘intensifier’ part of the tube, the microchannel plate. The microchannel 
plate increases the number of electrons at its output by a factor of one thousand. Electrons 
entering the front of millions of specially lined microscopic glass tubes that make up the 
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plate are deflected numerous times as they travel the length of the tubes, causing secondary 
electron emissions. The resultant electrons accelerate toward the phosphor screen from their 
respective tubes, maintaining their relative spatial position. (MAWTS-1, 1995) 

The phosphor screen consists of a thin coating of phosphor on the input end 
of a wafer-thin fiber optic image inverter. The phosphor screen turns the electrons 
impacting it into yellow-green light in the 560 nm range, matching the peak sensitivity of 
photopic human vision. The image inverter takes this light and inverts it by way of a 180 
degree twist in the fibers. The image inverter also serves to collimate or focus on infinity 
the image being sent to the eyepiece lens; without this the user’s focus would be on the 
eyepiece lens, causing severe eye strain. (MAWTS-1, 1995) 

The final component of an I 2 device is the eyepiece lens. The eyepiece lens 
serves to focus the output image from the phosphor screen onto the human eye by way of an 
adjustable diopter ring. The ratio of the brightness of the image at the output of the eyepiece 
lens over the luminance of the light entering the objective lens is called the ‘gain’ of the I 2 
device. The variants of NVGs depicted in Figures 6 and 7 employ Gen HI I 2 tubes with a 
gain of 25,000, a substantial advantage over the unaided human eye in the night 
environment. (MAWTS-1, 1995) 
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Figure 6. A Fixed-wing Aviator Equipped With MXU- 
810/U Cats Eyes NVGs. (MAWTS-1, 1994) 




Figure 7. A Rotary Wing Aviator Equipped With the 
AN/AVS-6 Aviators Night Vision Imaging System 
(ANVIS). (MAWTS-1, 1995) 
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b. 



FLIRs 



FLIRs are electronic devices that convert invisible energy from the far 
infrared spectrum into a visible image. All FLIRs are temperature differential sensors that 
are adjusted to sense a range of temperatures called the sensor’s ‘gain.’ Military FLERs 
allow a gain as wide as 90 degrees Celsius. An important measure of performance of a FLIR 
is ‘delta 1” or the temperature difference of an object and its background. A FLIR’s gain 
setting determines thermal sensitivity and the delta T. (MAWTS-1, 1994) 

Current FLIR technology is centered around the first generation (Gen I) FLIR 
thermal imaging device. FLIR systems are complex and varied and their electronics are 
beyond the scope of this thesis; however, a basic explanation of the functions of the three 
major components of a thermal imager and how they convert thermal energy into useable 
output is necessary. Navigation FLIRs (NAVFLIRs), which will be discussed here are 
different from other FLIRs in that they provide the user with a thermal scene the size of the 
NAVFLIR field of view. Figure 8 shows the three major NAVFLIR components; the 
infrared sensor, the the signal processor and the cockpit display. (MAWTS-1, 1994) 

The infrared sensor has many important subsections that are critical to 
gathering thermal energy. First, an IR window must be present to protect the sensor while 
allowing the 8-12 /im EM energy to pass through to the IR telescope. Germanium or other 
IR transmissive materials are used for this window. The IR telescope functions to focus a 
thermal scene comprable in size to the field of view of the cockpit display onto the motor 
driven scan assembly. (MAWTS-1, 1994) 
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Figure 8. A basic NAVFLIR (Heads-up Display, upper 
right; Heads down display, lower right). (MAWTS-1, 
1994) 



A scan (mirror) assembly serves to rapidly transfer the thermal scene 
provided by the IR telescope onto a photoconductive detector array. NAVFLIR detector 
arrays are quantum detectors tuned to sense as little as one degree Celsius delta T. In order 
to provide this thermal sensitivity, the array is continuously cryogenically cooled. The 
detector array is composed of semiconductive material which turns 8-12 jum heat energy into 
analog electrical output to the signal processor. Each detector in the array has its own 
channel for analog output. (MAWTS-1, 1994) 

The signal processor, depending on the model NAVFLIR, performs many 
varied functions but basically it provides the special signal functions required to stabilize 
and enhance the analog output from the detector array so that it is suitable for display in the 
cockpit. The signal from the signal processor is transformed to an image through the use of 
a cathode ray tube (CRT) and the color of the image is a function of the phosphor used in 
the CRT. Cockpit displays can be either a heads down display (HDD) employing a CRT, 
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a heads up display (HUD) employing a combiner glass to provide a see-through reflection 
of the CRT image or a helmet mounted display (HMD) employing a mini-CRT on a 
monocular assembly. (MAWTS-1, 1994) Figures 9 and 10 are examples of current military 
NAVFLIR systems. 
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Figure 9. The A-6E Detection and Ranging Set 
Employing a Gen I NAVFLIR. (OPTEVFOR, 1993) 




Figure 10. The F/A-l 8C/D AN/AAR-50 Gen I 
NAVFLIR. (MAWTS-1, 1995) 



25 



